Selective stimulation by ceramide of the expression of the alpha isoform of retinoic acid and retinoid X receptors in osteoblastic cells. A role of sphingosine 1-phosphate-mediated AP-1 in the ligand-dependent transcriptional activity of these receptors.
Recent studies have demonstrated that sphingosine 1-phosphate (SPP) plays a functional role as a signaling molecule in gene expression in several kinds of cells. The present study demonstrates selective expression by ceramide of retinoic acid receptor-alpha (RAR-alpha) and retinoic X receptor-alpha (RXR-alpha) in osteoblastic MC3T3-E1 cells and a functional role of SPP-mediated AP-1 in the signaling mechanism of ligand-dependent transcriptional activity of heterodimers of these receptors in the cells. C(2)- and C(6)-ceramides selectively stimulated the expression of RAR-alpha and RXR-alpha genes, but not that of beta and gamma isoform genes of RAR and RXR, in the cells. The C(2)-ceramide-induced stimulation was clearly inhibited by dl-threo-dihydrosphingosine, an inhibitor of sphingosine kinase. SPP also selectively stimulated the expression of both receptors and increased the specific binding of the nuclear proteins to direct repeat 5 (DR-5), a consensus sequence of RAR-RXR. In addition, SPP markedly stimulated transient chloramphenicol acetyltransferase (CAT) activity of retinoic acid-dependent transcriptional activity in the cells transfected with a DR-5-CAT reporter gene. The SPP stimulation was activation protein-1 (AP-1)-dependent, because the SPP stimulatory action toward these nuclear gene expressions and the transient CAT activity were inhibited by antisense c-fos and c-jun oligonucleotides. We observed that SPP actually stimulated AP-1 transcriptional activity in the cells. This study suggests an important role of SPP-mediated AP-1 in the selective expression of RAR-alpha and RXR-alpha in osteoblastic cells via the sphingosine pathway.